oBJeCTIVes: Stridor is a sign of upper airway obstruction. In children, laryngomalacia is the most common cause of chronic stridor, while croup is the most common cause of acute stridor. Stridor may be inspiratory, expiratory, or biphasic. In this study, we aimed to present clinical features and treatments of patients admitted with chronic stridor and recurrent pulmonary infections.
Laryngoscopy was applied to the patients for whom laryngeal pathology was considered. Rigid bronchoscopy was conducted in order to diagnose and treat the patients having been suspected of foreign body. Flexible bronchoscopy was applied for the patients having recurrent pulmonary infection and stridor with unknown etiology. Written informed consent was obtained from the parents of the patients participated in the study. Moreover, ethics committee approval was received from the Ethics Committee of Keçiören Training and Research Hospital, Ankara, Turkey on the date of August 19, 2013 .
statistical Analysis
For the categorical variables, the values of number and percentage were used. In addition, standard deviation (SD) values were employed as a measure of variability when the means were given.
resULTs
The mean age of the evaluated cases was 5.1±2.7months SD (2-8 months) and the ratio of male/female (7/5) was found to be 1.4. All patients were hospitalized in order to treat acute community-acquired pneumonia and to evaluate the etiology of recurrent pulmonary infection and chronic stridor.
Early onset of patients' complaints, recurrent pneumonia symptoms with respiratory distress despite providing appropriate treatment and the presence of associated chronic stridor led to further examination. Five patients were diagnosed with vascular ring and other patients were diagnosed with tracheomalacia, severe laryngomalacia, cervical hamartoma, cervical bronchogenic cyst, foreign body aspiration, H-type tracheoesophagial fistula (TEF), and congenital subglottic stenosis. Demographic, clinical, laboratory, radiological and bronchoscopic findings of the patients and also treatment methods are shown in Table 1 .
Of the patients with chronic stridor who were involved in the study, 85% had persistent stridor and 15% had recurrent stridor. Seven patients (58%) had the complaints beginning from the birth, whereas the complaints of 5 patients (42%) became clear in the first or second months. The complaints of 3 patients (25%) were related to position and they decreased in lying position. Feeding difficulty and malnutrition were found in six patients (50%).
Chronic stridor and accompanying cardiac anomalies in the patients with recurrent pulmonary infection are demonstrated in Table 1 . Sweat test results and Ig M, A, G, E levels were found to be normal for the patients having the history of recurrent pulmonary infection. On the other hand, the result of tuberculin test, which was applied to all patients, was positive for one case. Tuberculosis was excluded with the examinations for this patient.
Of the cases evaluated, vascular ring was the most frequently diagnosed defect (42%). Common characteristic of these cases was that symptoms were not associated with position and/or nutrition. In the esophagography conducted with the pre-diagnosis of vascular ring, various indentation patterns were observed in all cases (Figure 1 ). The final diagnosis was made by defining vascular pathology via MR angiography.
In a case with recurrent upper and lower respiratory tract symptoms and malnutrition, flexible laryngoscopy results were found to be consistent with laryngomalacia results. For this patient with the history of developmental delay and recurrent lower respiratory tract infection, flexible bronchoscopy was performed to evaluate accompanying tracheobronchial pathology and the result was found to be normal. In the case without a history of aspiration, who had had respiratory tract symptoms for two months, foreign body aspiration was suspected because of the inequalities in pulmonary auscultation results and the difference in ventilation revealed by direct radiography. The hull of sunflower seed was removed with rigid bronchoscopy.
In another patient presented with the complaints of failure to thrive, stertorous respiration since birth, and recurrent lower respiratory tract infection, the diagnosis of cervical bronchogenic cyst was made after long-lasting mechanic ventilation monitoring. The location of lesion was defined with cervical CT (Figure 2 ). Malnutrition and respiratory tract complaints of the operated patient disappeared completely.
In a case with recurrent respiratory tract infection and persistent progressive stridor, surgical excision was performed for removing the cervical lesion which was determined via laryngoscopy and cervical CT. Clinical findings of the patient who was diagnosed with laryngeal hamartoma depending on the pathology results improved.
dIsCUssIoN
Since the reflex mechanism providing larynx to open and close is insufficient in infants, tendency to aspiration and lryngospasm increases, which may result in obstruction. In children, subglottic region is the narrowest part of the airway, so even a few millimeter mucus or edema may cause life threatening airway stenosis [3, 5, 6] . Therefore, the patients admitted with the finding of stridor should be classified as acute or chronic at the beginning. The patients with chronic stridor should be evaluated taking persistent or recurrent characteristic of the disease into consideration [7, 8] . The diseases that should be considered for the patients presented with stridor are shown in Table 2 .
Stridor may be classified as inspiratory, expiratory, or biphasic depending on the location of obstruction. Because the support of supraglottic region is poor, pathologies in this region lead to inward collapse and high-frequency inspiratory stridor due to the negative pressure over the air passage occurred in inspirium. Changes in lumen pressure do not affect diameter since cartilage support of glottic or subglottic regions is stronger, and both inspiratory and expiratory occur in narrowing in these regions [9] . Inspiratory stridor often occurs with pharyngeal, laryngeal and nasal lesions out of the thorax, while expiratory stridor occurs with tracheal and bronchial lesions in the thorax [2, 3, 10] . Of the cases involved in the study, 8 patients (67%) had inspiratory stridor, 3 (25%) had biphasic stridor, and 1 (8%) had expiratory stridor.
Medical history and physical examination findings are used for the differential diagnosis of stridor. Also, the onset and time of stridor are important for the differential diagnosis. Stridor congenital anomalies since birth suggest stridor laryngomalacia and tracheomalacia that begin in 4-6 weeks while acute stridor beginning at the age of 1-4 years often suggest infections or foreign body aspiration [3, 6, 11] . In the study, it was found that 7 patients (58%) had symptoms beginning from the birth and the symptoms of 5 patients (42%) began in the first or second month after birth and continued chronically. The progression of symptoms and their increase in the situations with more respiration need, such as crying and eating, are important for diagnosis. Moreover, the severity of stridor and sleep-wake relationship are other important factors for differential diagnosis [3, 4, 6] . It can be observed that the pressure over trachea decreases and stridor is relieved, even disappeared, in vascular rings during sleep. An increase and deterioration are observed in stridor with lying position in laryngomalacia, tracheomalacia, and macroglossia; with crying in laryngomalacia and subglottic hemangioma; and with nutrition in tracheoesophagial fistula, tracheomalacia, subglottic stenosis, and vascular pressure [1, 9, 12] . In the study, the complaints of 3 patients (25%) were related to position and they decreased in the lying position. These patients were diagnosed with vascular ring. In the patients with tracheomalacia and laryngomalacia, stridor that increased with lying position and crying was observed. Of the vascular ring cases, in four patients except aberrant right subclavian artery, it was found that the symptoms increased with nutrition.
Progressive symptoms suggest growing mass lesions [9] . In the study, it was observed that the finding of pressure increased with growing lesions in the patients having cervical hamartoma and bronchogenic cyst.
In the presence of persistent stridor related to congenital anomalies, nutritional deficiency, dysphagia and malnutrition are among the major accompanying findings [7, 13] . In the study, six patients (50%) displayed feeding difficulty and five patients (42%) had malnutrition.
The presence of perinatal problems that can cause persistent stridor and medical history including endotracheal intubation should be examined. Subglottic stenosis and vocal cord paralysis can occur after intubation in newborns. Birth trauma and vocal cord paralysis associated with perinatal asphyxia can develop [9, 14] . In the cases evaluated in the study, history of endotracheal intubation and perinatal problems were not detected.
Laryngomalacia is the most frequent cause of chronic stridor in the children younger than the age of 2 years. Inspiratory stridor, that increases with upper respiratory tract infections, crying, discomfort and lying position, is observed [9, 15] . Although surgical treatment is not needed most of the time, our patient with severe laryngomalacia was operated due to severe malnutrition and recurrent respiratory tract infection.
Foreign body aspiration is a common cause of acute stridor. However, the history of foreign body aspiration is not clear in some situations. Acute clinical picture is not recognized and patients present with recurrent respiratory tract infection [1, 16, 17] . In a six-month patient with stridor lasting for two months, who was hospitalized twice because of pneumonia, although there was no history of foreign body aspiration, a foreign body was identified with rigid bronchoscopy and removed.
Vascular rings are categorized as complete vascular rings surrounding trachea and oesophagus (right aortic arch accompanied by double aortic arch and ligamentum arteriosum), and incomplete vascular rings compressing trachea and oesophagus (aberrant right subclavian artery, innominate artery and vascular sling) [18] [19] [20] . The diagnosis of vascular ring is made through CT and MR angiography after monitoring of indentation with esophagography [19, 21] . The treatment of vascular ring is surgical and symptoms often disappear with treatment. Asymptomatic aberrant right subclavian artery is treated without surgical operation. On the other hand, for vascular sling, symptoms may not disappear even after operation [22, 23] . In the study, the patient with aberrant right subclavian artery was monitored due to the mild course of pressure findings in spite of its being symptomatic. Other patients with vascular ring were operated and the complaints of all patients, except the one with vascular sling, disappeared after operation.
Bronchogenic cysts arising with abnormal development of the tracheobronchial tree during the embryological period appear mostly in the mediastinum and lung parenchyma. In the region of neck, thyroglossal, thymic and bronchial cleft cysts are more common, but bronchogenic cysts are rarely seen [24, 25] . In the study, cervical bronchogenic cyst was determined and surgical excision was performed in the 4-month patient having congenital respiratory tract symptoms with progression.
Hamartomas are nonneoplastic developmental anomalies which are uncommon. They appear more frequently in the lungs and nasopharynx, but rarely in larynx [26] . In the study, rarely seen cervical hamartom found in a patient was removed with surgery and the complaints of the patients disappeared completely.
Tracheomalacia can be congenital or acquired. It is characterized with the abnormal collapse of cartilaginous and myoelastic supporting components of the trachea. Congenital tracheomalacia results from incomplete maturation of tracheobronchial cartilages. It may not be apparent at birth and it becomes evident in the first weeks of life. The diagnosis of tracheomalacia is made through dynamic imaging of the trachea and bronchus, which shows airway collapse during exhalation [27, 28] . In the study, one of the patients had persistent expiratory stridor and recurrent pulmonary infection beginning from the age of one month and he/she was followed with the diagnosis of infantile asthma until the age of 7 months. For the patient, all results had been found to be normal in the previous examinations. Flexible bronchoscopy was performed for this patient and he/she was diagnosed with tracheomalacia. As seen in this case, if the cause of recurrent pulmonary infection and stridor cannot be identified in a patient, flexible bronchoscopy should be performed definitely.
Esophagial atresia and TEF are defined as the ongoing fistulous relationship between the esophagus and trachea due to occurrence of a discontinuation during separation period. Normally, they would form as separate tubes during embryological development. It has five different anatomic types. The frequency rate of H-type TEF is 4%. H-type TEF should be suspected if cyanosis, coughing and stridor attacks occur with feeding. It is diagnosed through esophagography [4, 29] . In the study, cyanosis and stridor attacks were observed in a 6-month patient admitted with recurrent lower respiratory tract infection while feeding and the diagnosis of H-type TEF was made through barium esophagography. The patient was operated by a pediatric surgeon. His/her complaints disappeared and then he/she was monitored.
Congenital subglottic stenosis is one of common congenital larynx anomalies. It results from inadequate recanalization after epithelial fusion during embryological development. It may be asymptomatic or appear with the symptom of dysphagia and feeding difficulty. It can lead to airway obstruction by causing an additional narrowing in upper respiratory tract infections. Also, biphasic stridor, dyspnoea, suprastenal and supraclavicular retraction appear [30] . In the study, severe biphasic stridor increasing with upper respiratory tract infections was identified in a patient with the diagnosis of congenital subglottic stenosis. The patient was admitted with severe stridor as an emergency case and subsequently intubated due to respiratory arrest. During intubation, the smallest endotracheal tube was hardly passed. The patient evaluated by the otolaryngologists underwent operation urgently for tracheostomy. During the operation, congenital subglottic stenosis was determined, thus stenosis surgery was performed instead of tracheostomy. In such cases, flexible bronchoscopy can be used as well as patient's medical history, physical examination, and radiological findings for diagnosis.
Although the patients in the study presented with similar clinical findings, detailed information about the diseases was limited due to the diversity of the diagnoses.
Consequently, if the findings of noisy breathing that begins in the newborn and infancy periods, recurrent lower respiratory tract infection and associated airway obstruction are present, structural and functional anomalies of the lungs and airways should be taken into consideration. Since positive outcomes can be obtained through early surgical treatment in structural airway anomalies, diagnosis should be made early. Increased stridor and respiratory distress related to nutrition and position should suggest vascular rings. In these cases, determination of indentation through esophagography is an important guide before CT or MR angiography that will be performed for the final diagnosis. In the patients with recurrent respiratory problems accompanied by stridor, diagnosis can be made with a comprehensive medical history, physical examination, and radiological methods. Flexible bronchoscopy should be absolutely performed for all patients admitted with recurrent pulmonary infection and stridor with unknown reason. Informed Consent: Written informed consent was obtained from the parents of the patients who participated in this study.
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